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ABSTRACT

The kokanee Oncorhynchus nerka rehabilitati on program for Lake Pend Oeille
continued to show progress during 1989. Estimated kokanee abundance in late
August was 7.71 million fish. Even though abundance was 24% | ower than 1988,
it was 80% hi gher than the population's |ow point in 1986, and the second highest
since the conpletion of Cabinet Gorge Hatchery in 1985. Decreased popul ation
size is the result of lower hatchery and wild fry recruitment and |ow age 1+
survival. Lower recruitment of wild fry in 1989 resulted from a smaller parental
escapenent in 1988 and lower wild fry survival.

Hatchery fry made up 50% of total fry recruitnment (80% of total fry
bi omass), which is the second largest contribution since hatchery suppl ementation
began in the 1970s. Hi gh hatchery fry abundance resulted from a |arge rel ease
(11.7 mllion fry) from Cabinet Gorge Hatchery in 1989, and good fry survival
(199 during their first sumrer in Lake Pend Oeille. Inproved fry release
strategi es enhanced survival, which was seven tines higher than survival in 1986
and approxi mately 35% hi gher than 1987, but 40% | ower than 1988. Replication
of releases in 1989 indicated that fry survival fromrelease to fall sanpling
may range between 20% and 30% The managenent goal is to attain 30% survival.

Six fry release strategies were evaluated in 1989. Two dgroups were
released in Cark Fork River to help inprove a spawning run to Cabinet GCorge
Hat chery. High river flows of 1,000 ni¥/s (36,000 ft¥s) during the early rel ease
(June) helped flush fry quickly to Lake Pend Oreille and doubl ed survival (18%
over previous releases during lower flows of 570 m¥/s (20,000 ft3s) or I|ess.
Survival from the md-sumrer release (16%, which was barged down Cark Fork
River to avoid |low flow problens, was not significantly different (P>0.10) from
the early release. The final assessnent of these release strategies will be
eval uated when adults return to Cabinet Gorge Hatchery in 1992 and 1993. Fry
rel eased to support the Sullivan Springs Creek spawning run also survived well
(21% in 1989. Two open-water releases were nade during early and m d-sumer.
The early release had the lowest survival (5% of all strategies and was
significantly lower (P(0.10) than any other releases. Lower survival my have
been attributed to a |ack of cladoceran and size of fry released. The m d-sunmer
rel ease did have high survival (25%, which may have been due to abundant forage
and | ow predation. Shoreline releases of fry in southern Lake Pend Oeille had
the hi ghest survival (27%, which was probably due to abundant forage.



The fishery and egg-take should rebound slightly in 1990 as a relatively
strong 1986 year-class matures. Effects of the rehabilitation program may be
evident by 1991, when the first strong year-classes produced from Cabi net Corge
Hat chery enter the sport fishery and spawni ng escapenent.

Aut hor s:

Bri an Hoel sher
Fi sheri es Techni ci an

Edward Bow es
Princi pal Fisheries Research Biol ogi st

Vern Ellis
Seni or Fi sheries Technici an



INTRODUCTION

Lake Pend Oreille supported the nost popul ar kokanee sal non Oncor hynchus
nerka fishery in ldaho from the 1940s until the early 1970s. The sport and
comercial fishery yielded an average annual harvest of one nmillion kokanee and
360, 000 hours of angling effort from 1951 to 1965 (Ellis and Bow er 1979).
Sport angl ers enjoyed average annual catch rates as high as 3.5 fish/h during
the md- 1960s. Kokanee harvest declined from 1965 to 1985, resulting in an
annual harvest of less than 100,000 fish, with a mean catch rate of approxinmately
1.0 kokanee/h (Bowes et al. 1987). Mnagenment goals for the kokanee
rehabilitation program include an annual harvest of 750,000 kokanee averaging
25 cm long and catch rates averaging 2.0 fish/h. In addition to providing an
i nportant fishery, kokanee are the prinmary forage for trophy Kam oops (Cerrard)
rai nbow trout Oncorhynchus nykiss and bull trout Salvelinus confluentus in Lake
Pend Oreille.

Several factors contributed to the initial decline of kokanee abundance.
Hydr opower devel opnent adversely inpacted spawning success of kokanee sal non.
Al beni Falls Dam was conpleted in 1952 by the Arny Corps of Engineers as part
of the Bonneville Power Admnistration (BPA) netwrk. Located on the Pend
Oeille River, approximately 35 km downstream of Lake Pend Oreille, Albeni Falls
Dam raised |ake levels by 4 m Annual w nter drawdown, which averaged 1.3 m
from 1951 to 1968, increased enbryo nortality by exposing redds of |akeshore-
spawni ng kokanee (Bowl er et al. 1979). Cabinet Gorge Dam was constructed on the
Clark Fork River (river km 24) for power generation by Wshington Water Power
Conmpany (WAP). Conpletion of this dam in 1952 blocked an inportant kokanee
spawning run into Clark Fork River and its tributaries. Declining kokanee
abundance may have been accelerated by conmercial and sport fishing. The
est abl i shnent of opossum shrinp Mysis relicta in Lake Pend Oeille during the
m d- 1970s adversely inpacted kokanee recruitnent. |daho Departnment of Fish and
Game (IDFG introduced Mysis in 1966 to enhance the kokanee forage base. The
expect ed response of increased kokanee growh and survival did not occur because
nmysids conpeted with postenergent kokanee fry for cladoceran zoopl ankton.
Conpetition with, and predati on on, zooplankton by nysids delayed production of
two cl adocerans (Daphnia and Bosm na) that are essential juvenile kokanee forage
during the first few weeks of feeding (R eman and Bowl er 1980). Increased growth
of ol der kokanee did not occur because of spatial segregation between Mysis and
feedi ng kokanee. Mysids remain in deep water during daylight hours and migrate
to surface waters at night. Kokanee are visual feeders and are thus able to feed
on the shrinp for short periods at dawn and dusk (Ri eman 1977).

Interagency efforts to rehabilitate the kokanee fishery began during its
initial decline. In 1967, the Army Corps of Engineers adopted a policy for
operation of A beni Falls Damto mnimze water |evel fluctuations during kokanee
spawni ng and incubation. |IDFG restricted kokanee sport harvest and term nated
the conmercial fishery in 1973. Hatchery production of kokanee for Lake Pend
Oeille was established by 1974 and hel ped stabilize popul ati on nunbers. Del ayed
planting of hatchery fry wuntil md-sumer to avoid early season forage
deficiencies increased hatchery fry survival up to 13 times over wild fry (Bow er
1981). Hatchery production kept the fishery fromtotal collapse, but rearing



capacity of existing hatcheries was inadequate to rebuild the fishery. Prior
to 1985, hatcheries could provide only 6 to 8 nillion kokanee fry annually for
Lake Pend Creille. Releases of up to 20 mllion fry annually may be necessary
to restore the fishery to historic |evels (R enman 1981).

In an effort to enhance Lake Pend Oeille kokanee production, Cabinet
Corge Hatchery was built on the dark Fork R ver 4 km bel ow Cabi net Gorge Dam
Cost of the hatchery was approxinately $2.2 mllion and represented a cooperative
effort anong BPA, WAP and | DFG BPA funding was from on-site resident fish
mtigation funds nmandated by the Northwest Power Act of 1980. Construction and
eval uation of Cabinet CGorge Hatchery is specified by Measure 804(e)(5) of the
Col umbia R ver Basin Fish and WIldlife Program (NWPPC 1984). Cabi net Corge
Hat chery was operational by Novenber 1985, and, at full capacity, wll provide
up to 20 nmillion kokanee fry for release into the Pend Oeille system
Rebui | di ng the kokanee popul ation to attain the goal of over 750,000 kokanee
harvested annually and 300,000 hours of effort will depend on production from
this hatchery.

This research project was devel oped by IDFG in cooperation wth BPA and
WAWP to evaluate the contribution of Cabinet Gorge Hatchery to the Lake Pend
QOeille kokanee stock and fishery and to provide recommendations for optimn zing
kokanee production and survival. BPA provided the majority (>90% of funding
for this project. Funds from WW were used for the fry marking study that
examned the feasibility of differentially narking kokanee rel ease groups. WW
al so provided funding assistance for evaluating kokanee fry rel ease strategies,
whi ch i ncl uded providing requested di scharge fl ows from Cabi net Gorge Dam

OBJECTI VES

1. To nonitor the kokanee population in Lake Pend Oreille as production
i ncreases from Cabi net Gorge Hatchery, including popul ati on size, age
conposi tion, and hatchery-w |l d conposition.

2. To nonitor changes in kokanee age conposition, growh and survival in
relation to popul ation density, and carrying capacity of Lake Pend QOeille.

3. To evaluate kokanee rel ease strategies by estinmating kokanee fry em gration
rate, timng and survival with respect to river discharge, diel tining, noon
phase, release site, fish size, and nunber of fry rel eased.

4. To deternmine feasibility of differentially marking fry rel ease groups by
evaluating retention and nortality associated with various narks.

5. To obtain index information on natural spawning kokanee to nonitor
contribution of hatchery-reared fish.

6. To nonitor the zooplankton comunity in Lake Pend Oreille and relate to
changes in kokanee abundance.



STUDY AREA

Lake Pend Qeille is located in the panhandle of Idaho (Figure 1). It is
the largest lake in Idaho, with a surface area of 383 kn?, nean depth of 164 m
and nmaxi num depth of 351 m Mean surface el evation of Lake Pend Qeille is 629
m The Qark Fork Rver is the largest tributary to Lake Pend Qeille. Qutflow
fromthe lake forms the Pend Oreille River.

Lake Pend Qeille is a tenperate, oligotrophic |ake. Sumrer tenperatures
(May to Cctober) average approxinately 9°C in the upper 45 m (R enan 1977; Bow es
et al. 1987, 1988, 1989). Thernal stratification typically occurs fromlate June
to Septenber. The NP ratio is typically high (>11) and indicates prinary
production may be P limted (R eman and Bow er 1980). Mean chl orophyl|l "a"
concentration during summer is approximately 2 mcrograns/L. Sumrer nean water
transparency (Secchi disk) ranges from5 to 11 m

A wide diversity of fish species are present in Lake Pend QOeille. Kokanee
entered the lake in the early 1930s, presumably from H at head Lake, and were well
established by the 1940s. Qher game fish include: Kam oops (Gerrard) rai nbow
trout, bull trout, rainbow trout GCnhcorhynchus nykiss, westslope cutthroat trout

Oncorhynchus clarki lewisi, |ake whitefish Coregonus clupeaforms, nountain
whitefish Prosopiumw | liansoni, and several spiny ray species.
METHODS

Kokanee Popul ati on Structure

Kokanee popul ation structure in Lake Pend Ceille was deternmined fromfish
collected with a md-water traw during the last week of August. Fish from each
sanpl e were counted, neasured, weighed, and checked for maturity. Sagitta
otoliths were excised for aging. The md-water trawl was towed by a 8.5 m boat
powered by a 140-hp diesel engine. The net was 13.7 mlong with a 3 x 3 m nout h.
Mesh sizes (stretch neasure) graduated from 32, 25, 19, and 13 mmin the body
of the net to 6 mmin the cod end. Al age-classes of kokanee were coll ected.
Traw ing was done at night during the dark phase of the noon to optimze capture
efficiency (Bow er 1979). The traw was towed at 1.5 nis at depths calibrated
with sonar. Each oblique haul sanmpled the entire vertical distribution of
kokanee, as determ ned from echograns produced by a Ross 200 angstrom depth
sounder with two hull-nounted transducers (22° and 8° beam angl es). The verti cal
distribution of kokanee was divided into 3.5 mlayers; usually 3 to 5 |ayers
enconpassed the vertical distribution of kokanee. A standard 3.5 nmn tow was
made in each layer, sanpling 2,832 n? of water over a distance of 305 m Total
vol une of water sanpled for each traw haul varied from 8,496 to 16,992 n?,
depending on the vertical distribution of kokanee.

A stratified systenatic sanpling schene was used to estimate kokanee
abundance and density. Lake Pend Qeille was divided into six sections or strata
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Figure 1. Map of Lake Pend Oreille, Idaho.



(Figure 2). The area of each section was calculated for the 91.5 m contour;
however, Section 6 (the northern end) was calculated fromthe 36.6 m contour
because of shallower water. The 91.5 m contour was used because it represents
the pelagic area of the | ake where kokanee are found during |ate summer (Bow er
1978). Six transects were systematically selected within each section, and one
haul (sanple) was nade along each transect. Total sanple size in 1989 was 36
haul s.

Fi sh nunbers/transect (haul) were divided by transect volune and the
age-specific and total nunber of kokanee for each stratumand | ake total were
cal cul ated using standard expansion formulae for stratified sanpling designs
(Scheaffer et al. 1979). Kokanee popul ation estimates (total and by section)
were divided by respective |ake surface areas to cal cul ate kokanee densities
(nunber/ hectare) for each age-class. Confidence intervals (90%% were cal cul ated
to conpare estimates anong age- cl asses, |ake sections, and years.

Sur vi val

Recruitment and survival of hatchery-reared and wild fry were determ ned
fromtraw catches during |ate August of marked or unmarked fry. Fry survival
was estinmated from potential egg deposition (PED) and rel ease date (hatchery fry
only) to l|ate August abundance in Lake Pend Oreille. PED was cal cul ated by
mul tiplying average fecundity by estinmated mature femal e kokanee abundance.
Hat chery-reared fry were differentiated anong rel ease groups by a tetracycline
mark or by analyzing daily growh increnents on fry otoliths. Annual survival
was estinmated for age 1+ and ol der kokanee by conparing traw -esti mated abundance
for each year-class between years. Relative distribution of kokanee age-cl asses
was determ ned from abundance estinmates for trawl catches wi thin each section.

Fry Marki ng

Tetracycline

Fry were marked with tetracycline during hatchery residence. Tetracycline
(TM100) was nixed with fish feed, at the rate of 5 5% of diet weight, and fed
to kokanee fry for 10 d prior to their release into Lake Pend Qeille. Al fry
were nmarked and held inside the hatchery or under covered raceways because the
mar k degrades when exposed to ultraviolet (W) light. Kokanee fry captured in
the traw during late August were exanined for tetracycline marks with a | ongwave
(3,600 angstrom) ultraviolet light. Wen exposed to ultraviolet light, a yellow
sheen is observed around the mandi bl es, opercles, and bases of pelvic and
pectoral fins. This mark is visible for several nonths after rel ease (Bow es
et al. 1989).
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Qolith Coding

Rel ease date mark-Qtoliths from kokanee reared at Cabinet Gorge Hatchery
exhibit an obvious change in width of daily growth increments at the tine of
their release (Bowes et al. 1988, 1989). This mark was used to distinguish
hatchery residence from | ake residence. Kokanee released on different dates
were identified by counting daily growth increnents fromthe rel ease mark to the
otolith margin (traw sanpling date). Sagitta otoliths were excised from fry
caught during trawling and enbedded in a |low viscosity medium (Spurr 1969). The
proxi mal surface was polished (600 grit paper) and otolith mcrostructure
observed (1,000 power) with an oil inmersion conpound mcroscope interfaced with
a video canera and nonitor.

Qoliths from age 1+ kokanee collected during autumm traw ing were exam ned
for a date-of-release mark sinmlar to that described for kokanee fry. This nark
was used to distinguish fish of hatchery vs. wild origin.

Fin Cip

A fin was clipped from selected groups of kokanee fry to help evaluate
fry-to-adult return rates to spawning stations at Cabinet Gorge Hatchery and
Sullivan Springs Creek. Possible clips included the adipose fin and left or
right pelvic fins. Fry were clipped at least 1 week prior to release and
averaged 49 mm total length (1,054 fry/kg). Fry were anesthetized (Ms-222 at
40 nmg/L water) prior to handling. Representative sanples from each group were
retained in the hatchery to evaluate fry nortality and fin regeneration.

Fry Rel ease Strateqgies

Six fry release strategies were evaluated to optimze survival of fry in
Lake Pend Oreille and adult returns to egg-take stations at Cabinet Gorge
Hatchery and Sullivan Springs Creek. Table 1 summuarizes |ocation, date, size
and nunber of fish released, and marks used to differentiate rel ease groups.

Clark Fork River

Approximately 4.5 million fry were released in Clark Fork River to
establish a spawning run to Cabinet Gorge Hatchery. Al fry were inprinted with
morpholine (5 x 10° mg/L in hatchery water) for 3 d prior to release.
Mor phol ine was also added to hatchery water flowing from the fish |adder at
Cabi net Gorge Hatchery into Cark Fork River for 3 d follow ng each rel ease.
Two strategies were evaluated for fry released into Cark Fork River.
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Table 1. Hatchery-reared kokanee fry released into Lake Pend Oreille, |Idaho, during 1989.
Nunber
Rel ease rel eased Mean si ze
Rel ease strategy? Rel ease site dat es Ti e (ml1ions) (mm) Mar ks?
Clark Fork River
Early summer Cabi net Gorge Hatchery 6/21 dusk 3.513 46 Qolith code
M dsurmmer Cabi net Gorge Hatchery 7/17-19 day/dusk 0.984 49 Qolith code
(bar ge) (barged to Cark Fork Tetracycline
Ri ver nout h)
Subt ot al 4. 497
Sul I'i van Spri ngs Sul |'i van Springs 7/11-13 day/ ni ght 3.538 51 Golith code
Subt ot al 3.538
Open Wat er
Early summer Northern Lake Pend 6/ 29 day 1. 256 46 Qolith code
Oeille Tetracycline
M dsunmmer Sout hern Lake Pend 71 26 day 1.428 56 Golith code
Oeille
Subt ot al 2.684
Shor el i ne Sout hern Lake Pend 7/27-28 nj ght 1.024 55 Qolith code
Oeille Tetracycline
Subt ot al 1.024
Tot al 11. 743 50

aRefer to the Methods section for detailed descriptions of

rel ease strategi es and narks.



Early season rel ease-Approximately 3.5 mllion fry were rel eased through
the Cabinet Gorge Hatchery fish ladder into Cark Fork R ver on June 21, 1989.
This rel ease was scheduled to coincide with high nighttime river flows resulting
from spring snownelt. This early season release allowed WA to provide an
average hourly discharge of 1,024 n¥/s (36,203 ft¥s) flows from Cabinet Gorge
Dam for 2.5 nights following the fry release (Figure 3). N ghttine
el ectrofishing (DC) near the mouth of Cdark Fork River (22 km from hatchery)
was used to estimate fry enmigration rate and potential fry nortality from
predation. Fry emigration rate was estinated by conparing catch-per-unit-effort
of fry fromthree stations in the Cark Fork R ver delta sanpled for two nights
following the fry release. Stonmachs were exam ned from potential predators
caught during electrofishing to deternine relative degree of predation
t hroughout the night. The otolith date-of-release mark was used to distinguish
fry during autum trawing in Lake Pend Oreille. Approximately 41,000 fry were
fin-clipped (left pelvic) to provide an estinmate of the fry-to-adult return rate
for spawners nmigrating to the hatchery in 1992 and 1993.

M d- sunmer_rel ease-During July 17-19, 1989, approximately 1 mllion fry
were barged down Clark Fork River and released into Lake Pend Oreille near the
river mouth. This strategy evaluated the feasibility of transporting fry down
Clark Fork River during md-sunmer when nighttime flows are |low (>1,000 n?/s)
but availability of forage (cladoceran zooplankton) in Lake Pend Oeille is
hi gh. Transportation was necessary because fry emgration success to Lake Pend
Oreille during low (>570 n?/s) nighttine flows is poor (Bowes et al. 1987,
1988). Fry were barged to allow them to inprint on Clark Fork River water,
whi ch may enhance adult returns to Cabinet Gorge Hatchery for spawning. The
8.5 m pontoon barge held 8.8 nf water in two circular tanks, which were aerated
and plunbed to provide a constant flow of river water to fry. The barge
transported a maxi mum of 150,000 49-mm fry (17 kg/n? | oading density) each 4-h
trip from Cabinet Gorge Hatchery to Lake Pend Oeille (22 km. Marks used to
distinguish this release group during trawing included tetracycline and the
otolith date-of-release mark. Approximtely 40,000 fry were also fin-clipped
(right pelvic) to help evaluate adult returns for spawningin 1992 and 1993.

Sul l'i van Springs

Approximately 3.5 million fry were transported by truck from Cabi net Gorge
Hatchery to Sullivan Springs Creek during July 11-13, 1989. The fry were
transported at a density of 55 to 59 kg/min 10.0°C water and released into
7.2°C creek water. The purpose of this release was to insure continued adult
returns to the egg-take station on this spring-fed tributary to Lake Pend
Oeille. The otolith date-of-release mark was used to distinguish fry during
autumm trawing in Lake Pend Oreille. Approximately 40,000 fry were also fin-
clipped (adipose) to evaluate adult returns for spawning in 1992 and 1993.
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Open- Wat er

Approximately 2.7 mllion fry were released into Lake Pend Oeille to
eval uate survival of open-water releases made before and after thermnal
stratification of Lake Pend Oreille.

Early season rel ease-Approximately 1.3 nillion fry were rel eased June 29,
1989 in northern Lake Pend Ceille, 3 km southwest of Hope, l|daho (Figure 1).
Kokanee were trucked at a density of 47 to 50 kg/n? in 9.0°C water from Cabi net
Gorge Hatchery to the town of Hope. Each truck was transported to the rel ease
site on a 200-ton barge towed by a 300-hp tugboat. Fry were released from
approxi mately 14.0°C water after acclimation for 90 nin to |ake surface water of
17.5°C Marks used to distinguish this release group during trawing included
tetracycline and the otolith date-of -rel ease nark.

M d- summer_rel ease-Approximately 1.4 mllion fry were released July 26,
1989 in southern Lake Pend Oeille, 2 kmeast of Bayview, |daho (Figure 1).
Kokanee were trucked at a density of 60 to 74 kg/n? in 11.6°C water from Cabi net
Gorge Hatchery to the town of Bayview Each truck was transported to the rel ease
site with a 200-ton work barge and tug supplied and operated by the U S
Department of Navy, Naval Acoustic Research Detachnent. F sh were released from
approxi mately 16.5°C water after acclimation for 60 mn to |ake surface water of
20.0°C. The otolith date-of-rel ease mark was used to distinguish fry during
autum traw ing in Lake Pend Oeille.

Sout h Shorel i ne

Approximately 1 mllion fry were released July 27-28, 1989 in southern
Lake Pend Qeille at Farragut State Park public boat |aunch, 2 km sout heast of
Bayvi ew, lIdaho (Figure 1). Kokanee were trucked at a density of 50 to 74 kg/n¥
in 11.6°C water from Cabinet Gorge Hatchery to Farragut State Park. They were
acclimated for 105 mn to |lake surface water of 22.0°C and rel eased. This
rel ease strategy evaluated the survival of kokanee from a |ess expensive rel ease
al ong shoreline. Marks used to distinguish this release group during trawing
included tetracycline and the otolith date-of -rel ease mark.

Egg- Take

Since 1974, |DFG has maintained a permanent weir at the nouth of Sullivan
Springs Oeek (tributary to Ganite reek), a major kokanee spawning tributary
to Lake Pend Geille (Figure 1). This egg-take station has provi ded kokanee eggs
for Lake Pend Oeille, as well as enhancenent activities for other |akes.
Addi tional eggs were collected from kokanee spawners at the Cabinet Corge
Hat chery fish |l adder on dark Fork River.

13



Naturally Spawni ng Kokanee

Adul t kokanee were enunerated al ong |akeshore and tributary stream spawni ng
areas to provide an index of naturally spawni ng kokanee abundance. Counts were
made by wal king each area once during the first week of Decenber, the estimated
peak of spawning activity. Only predetermned portions of |akeshore spawning
areas were surveyed, whereas entire spawning areas were censused in tributary
streans. Trestle Oeek was al so censused in Septenber to deternmne use by early
run kokanee spawners.

Age and Length at Maturity

Total length was neasured and otoliths extracted from mature kokanee
collected during the late fall spawni ng season for spawner age and | ength
distributions. Spawners were collected from Spring Creek and the weir at
Sullivan Springs Oreek. Age of naturity was also estinated for kokanee coll ected
during August trawing.

Mysi d Shrinp

M/sis were sanpl ed at night during the dark noon phase the first week of
June. Five sanples were collected randomy in the southern, central, and
northern portions of Lake Pend Geille (Figure 4). Sanples were collected with
a MIler high-speed sanpler equipped with a General Cceanics flow neter and a
130 m cron-plankton net and bucket. Stepped oblique tows were nade from 46 m
to the surface, sanpling for 10 s at each 3 minterval. The sanpler was towed
approximately 1.5 mis and raised 0.5 mis with an electric winch. Msis from
each sanple were counted and differentiated by age-class (juvenile or adult).
Density estinmates were based on volune of water filtered, and conparisons nade
bet ween age- cl asses and anong | ake sections and years.

S ze and sex data were recorded for Msis fromtwo sanpl es/| ake section
M/sids were measured fromthe tip of the rostrumto the tip of the telson,
excluding setae, and classified into five categories according to sex
characteristics: juveniles, immture nales and fenales, and mature nal es and
femal es (Gregg 1976; Pennak 1978).

Zoopl ankt on

The zoopl ankton community was sanpled in the southern, central, northern
and dark Fork Rver delta portions of Lake Pend Qeille (Figure 4). Fve random
sanpl es were coll ected monthly fromeach section fromNMy through Qctober in the
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Figure 4. Zooplankton sampling areas on Lake Pend Oreille, Idaho.
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mai n body of the |ake and from June through Septenber in the delta section.
Sanples in the main body of the |ake were collected with a 0.5 mdiameter ring
pl ankton sanpler, calibrated by a General Cceanics flow meter and equi pped with
a 130 nicron net and bucket. Vertical hauls from 27.4 mdepths to the surface
were made by raising the sanpler approximately 0.5 nis with an electric wi nch.
Sanpl es fromthe shallower delta section were collected with a MIler high-speed
pl ankt on sanpl er equi pped with a flow nmeter and 130 micron net and bucket. In
the delta, the entire water colum was sanpled with oblique tows stepped at 1.5
mor greater intervals. The sanpler was towed at 1.5 nmis for a 90 s/sanple.
Zoopl ankters were enunerated by genus using standard dilution and subsanpling
met hods (Ednondson and Wnberg 1971). Enuneration data were standardi zed by
volune of water filtered to determne zooplankton densities. U to 30
or gani sns/ genus/ sanpl e were measured by projecting their image on a calibrated
screen. Mean lengths were calculated for each nonth and | ake section. Analysis
of variance, utilizing a stratified random sanpling schene, was used to conpare
zoopl ankt on densities and | engths, both spatially and tenporally.

Wat er Tenperature and Transparency

Thermal stratification of Lake Pend Oreille was nonitored by neasuring
water tenperature nonthly from May through Novenber at one site in the southern
section of the lake. Instantaneous tenperatures were neasured with a probe from
the surface to 50 mdepths at 1 mintervals for the first 5in, and at 5 m
intervals thereafter. Wen a nore dranatic change in tenperature was noticed
within a 5msanpl e, tenperatures were neasured at 1 mintervals to better define
the thernocline. Water transparencies were nonitored tenporally and spatially.
A Secchi disk reading was taken in the southern, central, and northern sections
of Lake Pend Oreille each nonth from May t hrough Cctober.

RESULTS

Kokanee Abundance, Distribution, and Bi onass

Estimated total kokanee abundance during late August, 1989, was 7.71
mllion fish (Figure 5). Contribution of individual year-classes was 4.48
mllion for the 1988 year-class (age 0+), 1.17 nmillion for the 1987 year-cl ass
(age 1+), 1.20 mllion for the 1986 year-class (age 2+), 0.45 mllion for the
1985 year-class (age 3+), 0.37 mllion for the 1984 year-class (age 4+), and
0.04 mllion for the 1983 year-cl ass (age 5+).

Esti mated average kokanee density for the entire |ake (all age-classes
conbi ned) was 341 kokanee/ hectare (Figure 6; Appendix A). Densities ranged from a
hi gh of 499 kokanee/hectare in Section 1 to a low of 211 kokanee/hectare in
Section 5. Age O+ wild kokanee densities were highest in southern and central
sections of Lake Pend QOeille, whereas hatchery fry densities were highest in
central sections of the |ake. Densities of age 1+ kokanee were highest in the
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northern section of Lake Pend Oeille and |owest in southern and central
sections. Densities of age 2+ and age 3+ kokanee were highest in the southern
section of Lake Pend Creille and lowest in central sections. Densities of age
4+ kokanee were equally abundant in all sections of the |ake, whereas age 5+
kokanee were highest in the northern section and |owest in the southern section
of Lake Pend Oreille.

Esti mat ed kokanee bionass in Lake Pend Oeille during |ate August was
219,961 kg (9.71 kg/hectare) (Table 2). Bionass of hatchery-reared kokanee fry
was 3,144 kg (0.14 kg/ hectare), 80%of total fry biomass in the |ake. Estinated
bi omass of age 1+ and ol der kokanee was 216,057 (9.54 kg/hectare). Length
frequencies and nean | engths and wei ghts of kokanee caught in the traw are
shown in Figure 7 and Table 2.

Spawni ng Escapenent

An estimated 469,766 nature kokanee conprised the Lake Pend Oeille
spawni ng popul ation in 1989. The 1989 spawning run to Sullivan Springs O eek
was approxi mately 79,450 kokanee (17% of the total escapenent) and extended from
early Novenber, 1989 to early January, 1990. The estimated return of hatchery-
reared fry as adults in 1989 was 1.7% One-tine |ate spawni ng kokanee counts
(Decenber) in other tributaries ranged from 2,400 spawners in Spring Geek to
0 spawners observed in Johnson, Twin, Trestle, and Garfield reeks (Appendi x B).
Gounts of | akeshore spawni ng kokanee ranged from 875 on sout hern beaches to only
2 kokanee spawners counted on northern | akeshore areas. A count of 466 early-
run kokanee spawners was made in Trestle COreek during Septenber.

Age and Length at Maturity

Age conposition of mature kokanee captured during trawing in 1989 was
12% age 3+, 78% age 4+, and 10% age 5+ (N=49). An estimated 14% of age 3+
kokanee were mature and consisted of 29% mal es and 71% fenal es. Approxi nately
98% of age 4+ kokanee were nature and consisted of 40% nal es and 60% f enal es,
whi | e 100% of age 5+ kokanee were mature and consisted of 65% nmales and 35%
femal es. Age conposition of kokanee spawned during 1988 from Sullivan Springs
Creek was 80% age 4+ and 20% age 3+ (N=55). Age conposition for spawners
collected during 1989 will be reported in the Annual Report for fiscal year
1990.

Mean | engths of kokanee spawners did not vary significantly (P>0.05) anong
spawni ng sites during 1989. Mean |engths of nal e kokanee from Sullivan Springs
and Spring Greeks were 277 + 4 mm (N=44) and 284 + 11 mm (N=11), respectively.
Mean | engths of fenal e kokanee were 266 + 3 mm (N=36) from Sullivan Springs
Creek and 274 + 14 mm (N=6) from Spring Creek.
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Table 2. Mean length, weight, and bi onass of kokanee caught while trawing
during late August, 1989, Lake Pend Oeille, |daho.

Mean Mean Bi onass

Age cl ass length (nm wei ght (9g) kg kg/ hect are
Age 0O+

Hat chery 55 1.40 3,144 0.14

Wild 34 0.34 760 0. 03

Conbi ned 45 0. 87 3,904 0.17
Age 1+ 154 27 31, 254 1.38
Age 2+ 199 65 77,546 3.42
Age 3+ 224 97 43, 482 1.92
Age 4+ 260 151 56, 342 2.49
Age 5+ 276 176 7,452 0. 33
Al'l ages - - 219, 961 9.71
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Potential Egg Deposition

Estimated total potential egg deposition for 1989 was 117.6 mllion, with
107.1 million eggs attributed to natural spawning and a potential of 10.5 million
eggs available fromartificially spawned kokanee at Sullivan Springs. Estinmated
abundance of mature fenale kokanee was 276,010 fish determ ned from August
traw i ng. Approximately 24,700 fenmal e kokanee were spawned at the Sullivan
Springs trap, which left an estimted 251,310 femal e kokanee to spawn naturally
t hroughout Lake Pend Oreille and its tributaries. Fecundity averaged 426 + 26
(N=46, al pha=0.05) viable eggs/femnale.

Egg- Take

Egg-take from the 1989 year-class for Lake Pend Oeille totaled 9.58
mllion. Kokanee spawned at Sullivan Springs provided 9.37 mllion eggs (388
+ 28 eggs/fenal e; N=46, al pha=0.05), which represents a 91% spawni ng effici ency.
An additional 0.21 nillion eggs were taken at Cabinet Gorge Hatchery from kokanee
mgrating up Clark Fork River.

Fry Emi grati on and Predation

Rel ati ve catches of hatchery-reared kokanee fry at the nouth of O ark Fork
River indicated that 99% of fry successfully emgrating to Lake Pend Oeille
conpleted the journey the first night following their release at Cabinet Gorge
Hat chery. Kokanee fry were first observed at the nouth 3 h following their
rel ease.

Predati on on kokanee fry during em gration through the lower Cark Fork
River and delta was mininmal. Fourteen kokanee fry were observed in 14% of the
squawfi sh Ptychochei l us oreqonensis stomachs (N=14). No kokanee were observed
in stomachs of |argescale suckers Catostonus macrocheilus (N=18), nountain
whitefish (N=9), yellow perch Perca flavescens (N=7), and peanouth M/l ocheil us
caurinus (N=3) collected electrofishing during two nights following the fry
rel ease at Cabinet Gorge Hatchery. Al squawfish captured were inmmature and
less than 330 mm total |ength. Three marked Kaml oops (Gerrard) rainbow trout
wer e captured.

Survi val and Recruitnent

Esti mat ed kokanee fry survival (hatchery and wild fish conmbined) from
potential egg deposition to late August trawl sanmpling was 3.8% for the 1988
year-class. Survival estimates for hatchery and wild fry were 14.0% and 2.2%
respectively. A survival rate of 19 + 3% was estimted for the 1988 year-cl ass
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hatchery-reared fry fromtine of release late June through July to fall sanpling
in |late August.

Fry survival fromrelease to fall trawing was 18 + 4%for the early season
release in Qark Fork Rver, 16 + 5% for the nmd-sumer release (barged) in dark
Fork Rver, 21 + 3%for fry released in Sullivan Springs Geek, 5 + 2% for the
early season open-water release (north), 25 + 5% for the md-sumer open-water
rel ease (south), and 27 + 9% for the md-sumer shoreline release (south) (Figure
8). Fry survival associated with the early season open-water release was
significantly lower (P<0.10) than any other release. Pairw se conparisons
between ot her rel ease strategies did not show significant differences (P>0.10).

Hatchery fry provided an estinmated 50% of the total kokanee fry recruitnent
in 1989. Fry released into Sullivan Springs and dark Fork R ver nade up 17%
and 18% respectively, of total fry recruitment in Lake Pend Oeille (33% and
35% of hatchery fry recruitnent). Qpen-water releases contributed 9% to total
fry recruitment (19% of hatchery fry recruitnent). The m d- sumrer shoreline
rel ease contributed 6% to total fry recruitnment (12% of hatchery fry
recruitment). A though dispersal of hatchery-reared fry throughout the |ake was
evident following 1 to 2.25 nonths of |ake residence, abundance renai ned hi ghest
in | ake sections near release sites (Figure 9).

Estimated annual survival (late summer 1988 to late sumrer 1989 for wld
and hatchery fish conbined) was 16% for the 1987 year-class (age 1+), 72%for
the 1986 year-class (age 2+), 88% for the 1985 year-class (age 3+), 97% for the
1984 year-cl ass (age 4+), and 12%for the 1983 year-class (age 5+).

Fry WNarking

Analysis of daily growth rings on kokanee fry otoliths indicated an obvi ous
mark at the tinme of release, which separated hatchery residence from | ake
residence. Mean width of daily growh increments was approxi mately two times
larger during hatchery residence than |ake residence. Approximately 69% of
counts (N=146) fromthe date-of-release mark to the otolith margin fell wthin
t he expected nunber of days fromthe releases to fall sanpling. Over 98% of
counts were within 2 d of the expected dates.

_ Dat e-of -rel ease marks simlar to those observed on kokanee fry were
di scernabl e on age 1+ kokanee otoliths. Approxinately 42% of the age 1+ kokanee
ot Iollths anallyzed (N=19) were of hatchery origin, as indicated by a date-of -
rel ease nark.

Mysid Shrinp

Density of Mysis in Lake Pend Oreille during early June, 1989 averaged
0.041 organisns/L (Figure 10). This estimate was not significantly different
(0.435<P<0. 767) than estimated density for 1988 (0.047 organi sns/L) or 1986
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(0.039 organisns/L), but was significantly higher (P=0.011) than the 1987
estimate (0.020 organisns/L). Total densities during 1986-1989 were simlar
(P=0.257) between southern and central |ake sections and significantly |ower
(P=0.000) in the northern section.

Juvenil es conprised 61% of total Mysis abundance in Lake Pend Oeille
during early June, 1989, with an average density of 0.025 organisns/L (Figure
10). Estimated juvenile density in 1989 was not significantly different
(0.201(P<0.396) than estimated density for 1987 (0.016 organisns/L) or 1986
(0.031 organisns/L), but was significantly |ower (P=0.026) than the 1988 estinate
(0.042 organisns/L). Juvenile densities during 1986-1989 were simlar (P=0.377)
between southern and central |ake sections and significantly |ower (P=0.000) in
the northern section.

Adult nysids conprised 39% of total Msis abundance during early June,
1989 (Figure 10). Adult density averaged 0.016 organi sns/L and was significantly
hi gher (P=0.000) than the estinated density for 1986 (0.008 organisns/L), 1987
(0.004 organisns/L), and 1988 (0.006 organisns/L). Adult densities in 1989 did
not vary significantly (P=0.189) anong northern, central, or southern sections
of Lake Pend Oreille.

The length frequency of Msis in Lake Pend Ceille during early June,
1989, suggested the contribution of three brood years, which ranged in length
between 3 mMm and 20 mm (Fi gure 11). Juvenile nysids nade up the 1989 brood year
and ranged in length between 3 mmand 10 mm The 1988 brood year represented
by imrature nysids consisted of 54% nmal es and 46% fenal es, whereas only mature
femal es were observed fromthe 1987 brood year.

Zoopl ankt on Conmuni ty

Generic conposition of zooplankton in Lake Pend Ceille from May through
Cctober 1989 included Cyclops, D aptonus, Epischura, Bosnina, Daphnia, and
D aphanosorma. Copepod densities were higher than cladoceran densities throughout
the sanpling period (Figure 12). dadoceran production was highest during July
and August, at approxinately 16% and 22% of copepod production, respectively.
Total zooplankton density ranged from approxinmately 9 organisns/L in May to
approximately 38 organisns/L in July (Figure 13). The copepods Cycl ops and
D aptormus were the nost abundant zoopl ankters, with conbi ned densities ranging
from approximately 9 organisns/L in May to approximately 33 organisns/L in July.
The average density of Cyclops (11.089 organisns/L) was significantly | ower
(P<0.10) in 1989 than 1988 (13.226 organisns/L), whereas the average density of
D aptormus (7.445 organisns/L) was not signhificantly different (P=0.985) from 1988
(7.455 organisns/L) (Figures 13 and 14, Appendix C). Epischura was the | east
abundant zoopl ankter during 1989, with an estinated density of 0.015 organi sns/L.
In general, cladocerans were not common in sanples taken during 1989 until July,
which is simlar to 1985, 1986, and 1988, but one nonth behind cl adoceran
production in 1987. Bosmina density in 1989 (0.995 organisns/L) was
significantly higher (P<0.10) than the previous four years, and peaked in July
at 5.1 organisns/L. This estimate is 340% hi gher than the previous high of 1.5
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organi sns/L in August, 1985. Mean density of Daphnia during 1989 (0.709
organi snms/L) was not significantly different (0.166<P<0.976) than estinmated
density for 1987 (1.077 organisns/L) or 1988 (0.701 organisns/L). D aphanosonma
density in 1989 (0.337 organisns/L) was significantly higher (P 0.10) than the
previous four years, and peaked in August at 1.8 organisns/L, 240% hi gher than
the previous high of 0.8 organisns/L in August, 1988. In general, zooplankton
densities were simlar (P>0.10) anong northern, southern, and central sections
of Lake Pend Qeille (Figure 14, Appendix Q. Zoopl ankton densities in the Qark
Fork River delta section were significantly |lower (P(0.10) than other |ake
sections for Gyclops and D aptonus, but significantly higher (P(0.10) for Bosm na
and Daphnia (Figure 14, Appendix C).

The | argest zoopl ankter in Lake Pend Oreille during 1989 continued to be
Epi schura, which averaged 1.9 nmmlong, followed by Daphnia thorata and D.
gal eata, which averaged 1.3 and 1.2 mm respectively. D aphanosona and D apt onus
averaged 0.95 and 0.76 mm respectively. Cyclops averaged 0.71 mm|ong, followed
by Bosm na, the snallest zooplankter, at 0.37 mm In general, zoopl ankton
lengths for each genus did not vary significantly (P>0.10) anong the |ast four
years, or anong nonths and | ake sections (Figures 15 and 16, Appendix C).

Wat er Tenperature and Transparency

Surface tenperatures of Lake Pend Creille fromMy through Novenber, 1989,
ranged from7.5°C in Novenber to 19.5°C in August (Figure 17). Ther nmal
stratification began in July and extended through OCctober. At peak
stratification (August), the thernocline began at a depth of 12 m and average
epilimetic water tenperature was 19.4°C,

Wat er transparency (Secchi disk) from May through Cctober, 1989, ranged
from2.1 min May to 12.8 min August (Figure 18).

DI SCUSSI ON

Kokanee Popul ati on St at us

The kokanee popul ation in Lake Pend Oeille during 1989 continued to
respond favorably to enhancenent efforts. Even though total abundance was 24%
lower in 1989 than 1988, it was 80% hi gher than the population's |ow point in
1986, and the second hi ghest since the conpletion of Cabinet Gorge Hatchery in
1985 (Appendix D). This decline can be partially attributed to low fry survival
to fall 1989 and to the poorest survival of the age 1+ (1987 year-class) ever
seen. During eight years of hatchery supplementation prior to conpletion of
Cabi net Gorge Hatchery, relative contribution of hatchery fish to total kokanee
abundance averaged 17% (Figure 19). After four years of operation, contribution
from Cabi net Gorge Hatchery has increased to 41% of total kokanee abundance in
Lake Pend Ceille. It is encouraging to note that this increase in relative
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contribution is not an artifact of declining wld kokanee production, which has
al so increased an average of 36% since conpletion of the hatchery in 1985. The
recent increase in kokanee abundance should begin to recruit to the fishery in
1990 (age 3+).

Survival of the 1987 year-class fromautum 1988 (age 0+) to fall sanpling
1989 (age 1+) was 16% This is approxinately 75% | ower than the previ ous nine-
year average. The low estimated survival is particularly inportant because it
affects the strongest year-class (7.31 mllion) since nonitoring began in the
m d-1970s. The | ow estimated survival nay be attributed to either environnenta
conditions or sanpling error. During 1989, sub-zero tenperatures and high
velocity winds were common in northern Idaho for a period in February. These
severe conditions may have caused higher nortality rates anong snall er kokanee
fry. Size selective overwinter nortality may have favored |arger kokanee fry,
as nmean length of age 1+ kokanee estinmated fromautum trawing was 154 mm during
1989; 16 mm larger than in 1988. Analysis of age 1+ kokanee otoliths showed
that 42% (N=19) were of hatchery origin, indicating that |larger hatchery fry did
not survive at a higher rate than smaller wild fry (62 nmvs. 45 nmm average
length, respectively) (Bowes et al. 1989). Age 1+ kokanee distribution in Lake
Pend Qeille also may have contributed to the |ow estimated survival of age 1+
kokanee. Age 1+ kokanee typically display a clunped distribution in Lake Pend
Qeille. Constraints of our sanpling design nmay have biased our estimate of age
1+ kokanee abundance, as these fish tend not to be randomy distributed
t hroughout the |ake strata. Therefore, trawl hauls may niss the clunped
distribution of that segment of the population and result in a |ower estinate
of that age-cl ass.

Abundance of age 3+ and ol der kokanee, which conprise nearly 90% of the
fishery (Bowes et al. 1986, 1987), was 18%higher in 1989 than 1988 and siml ar
to 1987. Abundance of these ol der fish was 220% hi gher than the popul ation's
low point in 1984 (Figure 20, Appendix D). This increase in abundance resulted
from high survival of older age-classes of kokanee. Based on an assuned
exploitation rate of 25% (Bow es et al. 1987), the fishery may have supported
a harvest of approxi mately 220,000 kokanee (10 fish/hectare) during 1989. This
estimate represents approxinately 30% of the restoration program goal to produce
an annual catch of 750,000 kokanee (33 fish/hectare). Progress toward neeting
this goal may become apparent in the fishery during 1991, when strong year -
cl asses produced the previous two years enter the fishery. Based on year-class
abundance observed during 1989, |ow age 1+ (1987 year-class) survival nay danpen
such benefits so that annual harvest during 1991 would be simlar to the
projected 1990 annual harvest of approxi nately 300, 000 kokanee (13 fish/hectare).
Based on typical survival and growth of age 1+ and ol der kokanee, annual harvest
from Lake Pend Oeille may approach 500,000 kokanee (22 fish/hectare) by 1991
This projection assunes that age 1+ survival is simlar to that observed since
the conpl etion of Cabinet Gorge Hatchery (45% and that carrying capacity of Lake
Pend Oeille is adequate to support increased kokanee abundance. If forage
becormes limting, projected benefits may be danpened as a result of reduced
survival, growth, and age of naturity. W will continue to nonitor these density
dependent indicators of carrying capacity as ol der age-classes respond to
enhancenent efforts.
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Al though the fishery may respond dramatically to enhancenment efforts by
1991, the outlook is not as encouraging for 1990. The effect of a weak 1985
year-class (age 3+ in 1989) is reduced as a relatively strong 1986 year-cl ass
(age 2+ in 1989) recruits to the fishery in 1990 (Figure 21, Appendix D, and
nmay conpensate enough to increase harvest by 36%to approxi mately 300,000 kokanee
(13 fish/hectare) in 1990.

Fry Recruitnment and Survival

Reduced kokanee abundance in 1989 was partially a result of lower fry
recruitnent. Fall abundance of age 0+ kokanee in Lake Pend Creille decreased
38% from 1988 (320 fry/hectare) to 1989 (198 fry/hectare), but was still the
second highest estimate since the late-1970s (Figure 21; Appendix D). Kokanee
densities in other north lIdaho |akes (no M/sis present) averaged 310 fry/hectare
(N=10 years) in Coeur d' Al ene Lake and 300 fry/hectare (N=8 years) in Spirit
Lake (Horner et al. in press).

Enhanced recruitnent in Lake Pend Oeille was evident for both wild and
hat chery-reared kokanee fry during the past three years. Recruitnent of wld
fry was 37% lower in 1989 (99 fry/hectare) than 1988 (158 fry/hectare), while
only slightly higher (8% than average wild fry recruitnment (91 fry/hectare)
during the previous 11 years (Figure 22). Lower recruitnent in 1989 was
predomnantly the result of a 22% decline in parental escapenent resulting from
a weak year-class and a low egg-to-fall fry survival. WIld fry survival was
2.2%in 1989, which is lower than both 1988 (3.3% and 1987 (4.6%, but higher
than the previous nine-year average (1.5%. Lower survival during the past year
is attributed to decreased forage (cladoceran zooplankton) during late spring
and early sunmer, a result of delayed thernal stratification, and may represent
wild fry survival for a typical year. Athough increased wild fry recruitnment
during the past three years in Lake Pend Oreille has greatly benefitted kokanee
restoration efforts, conditions regulating wild fry survival remain largely
uncontrol l able. Rehabilitation efforts nmust continue to focus on hatchery
suppl enentation to provide a stable recovery.

Kokanee fry production at Cabinet Gorge Hatchery over the past three years
has dramatically increased hatchery fry survival and recruitment in Lake Pend
Ceille. Hatchery fry during the past two years nmade up approxinately 50% of
total fry recruitment, which averaged |ess than 20% before 1988 (Figure 22).
Contribution to recruitnment bionass during 1989 was even nore significant (80%
because hatchery fry were four tines heavier than wild fry during fall trawing.
Recruitnent of hatchery fry was 40% lower in 1989 (99 fry/hectare) than 1988
(165 fry/hectare) as a result of a slightly smaller release (11.7 mllion vs.
13 mllion) and reduced post-rel ease survival.

Hatchery fry survival fromrelease date to fall sanpling declined 34% from
1988 (29% to 1989 (19%, but has generally increased since hatchery production
began in 1986 (Figure 23). The success of fry releases in 1988 was very
encouragi ng, but replication of those releases in 1989 (18% showed how ruch
variability may occur between years. Mich of this variability may be attributed
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to the timng of thernal stratification of Lake Pend Oeille. Kokanee population
nodeling indicated fry survival fromtine of release to fall sanpling nust
approach 30%to neet the fishery harvest goal of 0.75 mllion kokanee annual |y
(Bow es et al. 1988). After one year of replication, hatchery fry survival can
be expected to range between 20% and 30% Initial inprovenments in survival
resulted fromreleasing larger fry (50 mm) from Cabi net Gorge Hatchery than was
possi ble from other hatcheries (30 nm) (Bowles et al. 1988). Survival was
bol stered further in 1988 and 1989 by inproving fry rel ease strategies.

Rel ease Strategies

Six fry release strategies were eval uated during 1989 to inprove post-
rel ease fry survival and enhance spawning runs to Cabinet Gorge Hatchery and
Sullivan Springs Oreek. Five of the six releases were replicates of the 1988
rel eases, with one new rel ease evaluated in 1989. Relative survival anong
rel ease strategies wthin a year renmained relatively constant between 1988 and
1989, but overall hatchery fry survival declined in 1989 (Figure 24). This
decline can be partially attributed to decreased forage (zoopl ankton) during
late spring and early summer as a result of delayed thermal stratification of
Lake Pend Oeille and may represent what could be expected during a typical
year. Athough all release strategies were designed to naximze fry survival,
hi ghest priority was to enhance spawning runs to provide eggs for the recovery
program

Survival of kokanee fry released at Cabinet CGorge Hatchery inproved
dramatically in 1988 and 1989. Inproving fry survival during enigration from
Cabi net Gorge Hatchery to Lake Pend Qeille is critical to the establishnent of a
run back into the hatchery. Prior to 1988, fry were released nid-sumer into
Qark Fork Rver to coincide with increased food supply in Lake Pend Ceille.
Success of these releases was often very poor as a result of low nighttine flows
to aid emgration and abundant predators in the lower Qark Fork Rver and delta
(Bowes et al. 1988). Two rel ease strategies were evaluated during 1988 and
1989 to circunvent these constraints.

The first release occurred nid-June to coincide with spring runoff. H gh
nighttime river flows during 1989 (>1,000 n¥s; >36,000 ft¥s) helped flush fry
quickly (99% within one night) to Lake Pend Creille and doubl ed survival over
rel eases during lower flows (<570 ni/s; <20,000 ft¥s) for sinmilar sized fry (50
mr). Survival of this release declined 33% from 1988 (27% to 1989 (18%.
Enhanced survival during emgration apparently conpensated for |ower food
availability in Lake Pend Qeille at this time. Survival was al so enhanced by a
rel ati ve absence of predators in the lower Qark Fork Rver and delta follow ng the
rel ease. Northern squawfish are common residents of the river (Jeppson and
P atts 1959) and are effective predators of salnon emgrants (Brett and MConnell
1950; Foerster 1968). These predators were apparently spawning upriver and on
| akeshores during md-June and did not contribute substantially to fry nortality
during emgration.
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The second O ark Fork River release occurred in July to coincide with
thermal stratification and increased forage production in Lake Pend Oeille.
Al t hough fry were barged down Clark Fork River to avoid low flow probl ens of
di sorientation and predation, survival was not significantly different than the
earlier fry release during high river flow in either 1988 or 1989. Although
bargi ng obviously inproved survival of fry released below <570 n¥/s, (<20, 000
ft3/s) (22%vs. 10%survival), it is not known if barging affected the inprinting
process. The effort and flow requirenents for bargi ng kokanee were al so
constraining. River flow nust exceed 570 nf/s (20,000 ft%s) for safe
navi gati on, and a maxi mum of 150,000, 50-mm fry can be transported per barge.
Ful | support of the Cabinet Gorge Hatchery run (approximately 8 million fry) by

barging would require over 50 four-h trips each year. In light of these
constraints, apparent success of the early season (high flow) release is very
encouragi ng. The true success of these releases will be evaluated (from fin-

clipped fish) when adults return to spawn at Cabi net CGorge Hatchery in 1991 and
1992.

Survival in 1989 (21% was the second highest ever docunented for fry
rel eased into Sullivan Springs Creek. Kokanee have been released annually into
Sullivan Springs Creek since 1977 to enhance adult returns for egg-take.
Documented survival from release to fall sanpling in Lake Pend Oreille ranged
from 7% to 18% and averaged 12% prior to 1988. Survival during the past two
years has increased by an average of approximately 100% as conpared to the
previous 11 year average. This increase is probably a function of |arger size of
fry at release (50 nm and date of release (md-sumer) when kokanee forage is
nor e abundant .

The primary objective of open-water releases is to maximze fry survival
and subsequent return-to-the-creel. It is unknown if these fish will contribute
substantially to Cabinet Gorge Hatchery or Sullivan Springs Creek spawni ng runs,
but may augment natural | akeshore spawners.

Fry released offshore during early sumer had the |owest survival of any
rel ease strategy in both 1988 (22% and 1989 (5% . Early sunmer Clark Fork
River fry are released at approximately the sane size (46 mm) and date, but
survive, on the average, 33% better. Factors contributing to |low survival of
the early open-water release may include slightly smaller size (46 mm than
other releases (49-56 M) and | ower forage (cladoceran zoopl ankton) availability
in that |ake section during the time of release. Densities of cladoceran
zoopl ankton (particularly Bosmina) in the |ake section of the early open-water
rel ease were 83% | ess abundant in 1988 (0.42 organisns/L) and 94% | ess abundant
in 1989 (0.16 organisns/L) at the tine of fry release (nmid to late June) than in
the Clark Fork River delta; that area first used by fry released in Clark Fork
Ri ver. Densities quickly rebounded in both years by md-July. This absence of
kokanee forage undoubtedly has a detrimental effect on the survival of early
open-water releases. Fry released offshore during md-sumrer survived better
than those released in early sumrer (June) in both 1988 (36% and in 1989 (25%,
but survival declined by 31% in 1989. Factors contributing to high survival may
i nclude abundant forage (cladoceran zooplankton) and |ow predation due to
schooling behavior of fry in Lake Pend Oreille and avoidance of riverine and
shorel i ne predators. As a result of transportaion constraints, direct
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conparison of early vs. late open-water fry rel eases may be confounded because
the early release was in the north end and the late release in the south end of
Lake Pend Creille. Evaluating differences between these rel ease sites may be
necessary before tenporal conparisons can be nmde.

Fry rel eased along the shore during md-sumrer survived better (27% than
any other release in 1989. Factors contributing to high survival nay include
abundant forage (cladoceran zooplankton) and |ow predation due to schooling
behavior of fry in Lake Pend Greille. Shoreline predators may reduce potenti al
benefits of such a release but was not apparent during 1989. The primary
objective was to evaluate the survival of a |ess expensive release al ong
shoreline. It is doutful these fish will contribute to Cabinet Gorge Hatchery
or Sullivan Springs Oreek spawning runs but may augnent | akeshore spawners.

Approxinmately 7.5 nmillion fry will be available for release into Lake Pend
Ceille in 1990. Hghest priority for fry releases are to support Qark Fork
R ver and Sullivan Springs Oeek runs. Based on 1988 and 1989 survival rates, a
mnimumof 3.5 mllion fry are needed for Qark Fork Rver (15% survival) and
slightly less than 3 mllion fry for Sullivan Springs Ceek (20% survival) to
support escapenent of 75,000 kokanee and 15 mllion eggs for each site. Surplus
fry (approximately 1 mllion) could be used to replicate the south shoreline
rel ease in 1990.

Fry Marking

Marks used to distinguish rel ease groups anong traw -caught kokanee fry
continued to be successful. WId fry and hatchery fry from six rel ease
strategies were differentiated using a conbination of tetracycline and otolith
marks. The tetracycline mark has proven successful for fry in Lake Pend Qeille
since 1978 (Bowl es et al. 1989). A date-of-rel ease check on otolith
mcrostructure was used in 1987, 1988, and 1989 to successfully differentiate
hatchery release groups and wild fry. This is a passive mark induced
environnental ly during the transition from hatchery to |ake residence and was
identifiable up to 90 d after fry were released into Lake Pend Oeille.

Besi des providing successful differentiation of kokanee fry, the date-of-
rel ease check on otolith mcrostructure was discernable on age 1+ kokanee
otoliths during 1989. Al though individual release groups were inpossible to
di stinguish in ol der-age kokanee, this single mark hel ped differentiate hatchery
vs. wild origin of age 1+ kokanee. During 1990, otoliths of age 2+ and ol der
kokanee wll be examned for this mark. How successful the kokanee
rehabilitation effort is on Lake Pend Oeille ultimately depends on how
production from Cabinet Gorge Hatchery contributes to the fishery and egg-take
stations. By exanmining the otoliths of age 3+ and ol der kokanee, we nay be able
to evaluate hatchery contribution as hatchery fry nove through the age-cl asses
and recruit to the fishery and spawning popul ation. Fin clipping of hatchery
fry from various release strategies should continue to better evaluate the
success of those rel eases to egg-take stations.
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Exam nation of otoliths with ultraviolet light mcroscopy during 1990 will
help determine if the tetracycline mark can be distinguished in kokanee fry
col lected during autumn trawling and after a year or longer in Lake Pend Ceille.

Mani pul ating water tenperature to produce a single check on otoliths of
kokanee fry did not provide a reliable mark during 1988 (Bow es et al. 1989).
Tenpering constraints at Cabinet Gorge Hatchery resulted in very |ow water
tenperature (2°C), when higher water tenperature (8-10°C during the narking
period is desirable. A though these constraints preclude narki ng kokanee fry
at Cabinet CGorge Hatchery, thermally narking kokanee enbryos may be a viable
alternative. Incubation tenperatures are commonly 10°C, and |l ess water is
requi red. Thermal narks have been nade successfully on otoliths of sal non and
char enbryos (Brothers 1985; Volk et al. 1987).

Kokanee Forage Availability

Even though total zooplankton densities in 1989 were simlar to 1987 and
1988 during May and June, cl adoceran zoopl ankton production did not begin until
later. Changes in early season zoopl ankton production, particularly cladoceran,
is regulated predomnantly by water tenperature and thernal stratification.
WId kokanee fry typically energe in June when fry are ineffective predators on
fast-novi ng copepods but can effectively utilize the slower-noving cladocerans
(R eman and Bow er 1980). Decreased cl adoceran abundance during early sunmer
nade these inportant forage itens unavailable to wild fry during their critical
post ermer gent stage of devel opnent and, therefore, reduced survival of wld
kokanee fry. dadoceran production during 1989 nay be nore typical than either
1987 or 1988.

Establ i shnent of Msis in Lake Pend Qeille has greatly reduced cl adoceran
production during early sunmer (R eman and Falter 1981; Bowles et al. 1987).
M/sids prey heavily on cladoceran zoopl ankt on (Bowers and Vander poeq 1982) and
are nost effective predators prior to thermal stratification of the |lake (R eman
and Falter 1981; Bow es et al. 1988). After stratification, Msis are spatially
segregated from these zoopl ankton by warm (>14-18°C) epilimal waters (Beeton
1960; Nero and Davies 1982; Nero and Sprules 1986). During 1989, thermal
stratification of Lake Pend Oreille occurred later than the previous year, and
coupled with relatively simlar nysid density (Figure 25), resulted in a | ower
survival of wild fry.

Annual fluctuations in Mssis abundance are apparently common in Lake Pend
Ceille (Figure 25) and have been docunented in other |akes containing nysids
(Lasenby et al. 1986). The inpact of these fluctuations on kokanee fry survival
is of lesser inportance than annual changes in timng and extent of thermal
stratification of Lake Pend Creille. V@ will continue to nonitor zoopl ankton
and nysid popul ations to better define their relationship and inpact on kokanee
survival .
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Figure 25, Estimated density of Mysis in Lake Pend Oreille, Idaho.
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Spawni n

Spawner escapenent increased 14% from 1988 to 1989. This nay be attributed
to higher survival of older age-classes of kokanee. However, egg-take during
1989 was approxinmately 35% | ower and was the result of environnental conditions
and | ow year-class strength. Potential egg deposition was simlar to 1988 as a
result of less fecund (426 eggs/female) spawners. A trend toward ol der, nore
fecund and | arger nean spawner |engths (Figure 26) has been evident in recent
years. As kokanee becone nmore nunerous in Lake Pend Oreille, age at maturity
and fecundity are expected to stabilize and possibly decline. These trends wll
be nonitored closely to help establish hatchery production levels that wll
optim ze size and abundance of kokanee in the fishery.

Spawner escapenent to Sullivan Springs was 17% of total escaperment in 1989
as conpared to 15% during 1987 and 1988 and has varied from 1.7% to 28% during
the past 13 years. This slightly higher percentage of total escapenent nay be
attributed to spawned-out males re-entering the Sullivan Springs Creek trap
after being flushed fromthe creek followi ng several flood events. Spawned-out
nmal es are nore difficult to detect than females, and a snall percentage of the
mal es nmay have been enunerated twice. This is further evident by the high
percentage of nmles (65% spawned at the trap. Depending on weather conditions
(Bowes et al. 1987), escapenment to Sullivan Springs should remain at
approxi mately 15% of total escapenent during the next two years. Although
Sullivan Springs fry-to-adult "return" rates averaged over 10% during the early
1980s, rates have remai ned under 5% since the md-1980s (Appendix E). Based on
estimated annual nortality, these latter rates are nore indicative of actual
fry-to-adult returns. Higher ‘return” rates in the early 1980s were probably
bi ased by wi |l d kokanee utilizing Sullivan Springs.

Egg-take at Sullivan Springs was 34% |l ower in 1989 than 1988, and 44% | ower
than 1987 as a result of two weak year-classes (1984 and 1985) maturing. The
nunber of kokanee spawning at Sullivan Springs nmay increase slightly during 1990
with the maturing of a relatively strong year-class (1986 year-class; age 3+)
and may provide 10 million eggs. An additional 5 mllion eggs will be needed
for 1990, and alternative egg sources should be developed. This is necessary
to support the rehabilitation program and avoid large fluctuations in year-class
strength. Potential l|ocal sources include Spring Creek, Clark Fork River, and
Lake Coeur d' Alene. By 1991, egg-take from Sullivan Springs should rebound to a
m ni mum of 15 million eggs as estinated fromthe | ow age 1+ survival of 16% If
the age 1+ kokanee survived at a higher rate, then nore eggs wll be
avail able. The potential effect of a |ow age 1+ survival would be nore dranatic
in 1992, when the 1987 year-class recruits as age 4+ kokanee. Better projections
will be available after autum trawing in 1990.

Al t hough spawners have been abundant in Clark Fork River during 1987,
1988, and 1989, few have volunteered into the Cabinet Gorge Hatchery fish | adder
and trap. Spawning at Cabinet Gorge Hatchery has provided less than 2 million
eggs since conpletion of the hatchery in 1985. Less than 1,000 spawners
(approximately 0.25 million eggs) returned in 1989 from the first fry rel eased
at the hatchery in 1986 (age 3+ in 1989) and from fish which volunteered into
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Figure 26. Mean total length of male and female kokanee spawners from
Lake Pend Oreille, Idaho.
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the Cabinet Gorge Hatchery ladder and trap. The projected run was snmall because
fry released in 1986 were not inprinted on norpholine and fry survival was |ow
(3% (Bowes et al. 1987). Escapement should inprove slightly in 1990 (22,000
spawners, 4 mllion eggs) from enhanced fry survival and norpholine inprinting.
Contribution fromadult returns to Cabinet Gorge Hatchery will continue to be
low until 1991, when the success of fry releases in 1988 nay increase escapenent
to Cabinet Gorge Hatchery to approxi nately 22,000 spawners and 9 nillion eggs.

These projections assune that nortality, fecundity, and age at naturity
remain relatively static as kokanee abundance increases in Lake Pend Ceille
and that adults will target on the nmorpholine attractant to insure nmigration up
the Cabinet Gorge Hatchery fish |adder. These parameters are bei ng nonitored
carefully, and projections will be nodified as necessary.

RECOMMENDATIONS

1. Amnimmof 3.5 mllion fry should be released in AQark Fork R ver each
year to provide a potential egg supply of at least 15 nillion eggs for
Cabi net Gorge Hatchery. Fry releases into Qark Fork R ver shoul d coincide
with the end of spring runoff during at |east 850 nf/s (30,000 ft?%s)
nighttine flows to insure optimal fry survival and inprinting.

2. Approximately 3 mllion fry should be released into Sullivan Springs O eek
each year to maintain a potential egg supply of at least 15 mllion eggs.
Fry releases into Sullivan Springs Oeek should not occur before thernal
stratification of Lake Pend Qeille (typically md-July) to insure adequate
f or age.

3. Rel ease approxinmately 1 nmillion fry along the south shoreline in 1990 to
replicate results and determ ne annual variability in survival.

4, Al fry released at Cabinet Gorge Hatchery and Sullivan Springs Creek
should be inprinted with norpholine which will be used as an adult
attractant. A representative portion of fry (>40,000 fish) released in
Cark Fork River and Sullivan Springs Geek should be fin-clipped to
eval uate adult return rates.

5. Average fry length at the tinme of release should be 50 + 2 mm for
production fish.

6. Evaluate the reliability of otoliths for discerning the date-of-rel ease
mark in age 1+ and ol der kokanee.
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Appendi x A. Kokanee age class density (fish/hectare)

in Lake Pend Oreille during | ate sumer,

bound is listed with each estimate.

1989. A 90Z error

Lake section

Age cl ass Oigin 1 2 3 4 5 6 Tot al
0+ Hat chery (total) 68.6+22.1 123.6+31.1 110.8+46.2 151.5+35.7 55.31+27.4  81.0+£39.0 99.2+14.8
Clark Fork River
Early sumer? 6.8+2. 4 15.1+4.0 25.449. 1 29.946. 6 27.7+15.2 51.5+22.9 28.2+5.9
M d- summer P 0 0 6.0+3.5 14.945.9 3.9+3.9 11.7+7.7 6. 8+2.2
Sul l'i van Springs® 7.0%1.7 32.0+10.0 41.2+15.8 85.1+18.1 19. 8+10. 8 11.1+5.1 33.1+4. 8
Open Wt er
Early summer® 0 4.6+1. 4 0 3.7+1.5 0 5.9+3.9 2.6+0.9
M d- sunmer © 20.2+7.3  48.0+14.9 21.7+8.5 10.5+2. 2 4.0+£2. 2 0 15.9+2. 8
Shor el i nef 34.7+23.7 23.916.4 16.5+12. 1 7.4+3.0 0 0 12.4+4. 0
Wild 107.5+£36.7 132.5+18.4 128.2+21.5 130.9+22.0 45.0£17.0 59.0+£34.1 98.7+11.2
Wld & Hatchery 176.1+42.7 256.1+42.1 239.0+63.4 282.4+55.9 100.3%42.9 139.9171.6 197.9+24.0
1+ Wld & Hatchery 38.5+20.8 10.5%6.3 10.1+6.1 24.8+19. 8 36.8+14.7 149.21+72.9 51.5+17.0
2+ Wld & Hatchery 190. 4+£104.2 13.5+7.3 14.1+5.2 27.4+14. 1 40. 9410. 3 50.2+18.5 153.0+15.5
3+ Wld & Hatchery 75.3452.2 11.2+8.2 6.0+3.5 6.0+3.1 16.7+6. 8 14.1+9.5 19.9+7.8
4+ Wld & Hatchery 18.7+11.8 16.5%9.9 15.5+9.0 12.1+6. 4 14.6+9.9 20.6+13.6 16.5t4.4
5+ Wld & Hatchery 0.4+0. 4 1.2+1.1 2.2+1.6 2.3+1.7 2.0+1.9 2.6+2.5 1.9+0.8
Tot al WIld & Hatchery 499. 4+252. 3 309. 2442.3 287.0+74.7 355.0+65.4 211.3+58.4 376.8+85.0 340.7+39.4
& Hat chery-reared kokanee fry released into Cark Fork River.
® Hat chery-reared kokanee fry barged down Clark Fork River and released into Lake Pend Oreille.
¢ Hat chery-reared kokanee fry released into Sullivan Springs Creek
4 Hat chery-reared kokanee fry rel eased of fshore northern Lake Pend Oreille.
¢ Hat chery-reared kokanee fry rel eased of fshore southern Lake Pend Oreille.
" Hat chery-reared kokanee fry rel eased from shore southern Lake Pend Oreille
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Appendix B. Maximum single late-run (early run included for Trestle Creek) kokanee counts made during the 1973-1978 and 1985-1989 spawning seasons on
Lake Pend Oreille and its tributaries, excluding the Granite Creek drainage.

Maximum single counts

Area 1973 1974 1975 1976 1977 1978 1985 1986 1987 1988 1989
Lakeshore
Bayview 17,156 3,588 9,231 1,525 3,390 798 2,915 1,720 1,377¢ 2,100 875
Farraqut 0 0 0 0 0 0 -- 10 0 4 --
Idleewild Bay 0 25 0 0 0 0 -- -- -- -- -
Lakeview 200 18 0 0 25 0 4 127 59 0 0
E1lisport Bay and Hope 436 975 0 0 0 0 0 0 0 -- -
Trestle Creek Resorts 1,000 2,250 0 115 75 138 2 35 350 2 2
sunnvside 25 0 0 0 0 0- 0 0 0 -- --
Fisherman Island 0 75 0 0 0 0 -- -- -- - -
anderson Point 0 50 0 0 0 0 -- -- -- - -
Camp Bay 617 0 0 0 0 0 0 0 0 -- --
Garfield Bay 400 20 0 0 0 0 0 6 0 35 --
Subtotal 19,834 7,001 9,231 1,640 3,490 936 2,921 1,898 1,786 2,141 877
percent of Total 62% 25% 64% 33% 40% 19% 32% 10% 20% 14% 19%
Tributaries

South Gold Creek 1.875 1.050 440 0 30 235 1.550 2.761. 2.390 830
North Gold Creek 1.383 1.068 663 130 426 - 696 1.200 2.750 880 448
Cedar Creek 267 44 16 11 0 0 -- -- -- -- --
Johnson Creek 0 1 0 0 0 0 -- 182 0 0 0
Twin Creek 0 135 1 0 0 0 5 0 0 0 0
Mosquito Creek 503 0 0 0 0 0 -- -- -- -- -
Clark Fork River 3.520 6.180 0 -- -- -- -- -- -- - -
Lichtnina creek (Lower) 500 2.350 995 2.240 1.300 44 127 165 75 6 --
spring Creek 4,025 9,450 3,055 910 3,390 4,020 5,284 14,000 1,500d 9,000 2,400
Cascade Creek -- -- -- -- -- -- -- 0 119 48
Trestle Creek 18 1.210 15 0 40 0 0 0 0 0 0
Trestlea 1,100 217 14,555 1,486 865 1,589 208 1,034 410 422 466
Garfield creek 0 25 0 0 0 0 - 1 0 0 0
Subtotal 12,091 21 5§12 5 185 3 701 5 1RA 4,046 6,347 17,098 7,086 12,698 3,726
percent of TotalP 38% 75% 36% 67% 60% 81% 68% 90% 80% 86% 81%
Totalb 31,925 28,514 14,416 4,931 8,676 5,000 9,268 18,996 8,872 14,839 4,603

a Maximum single early-run count of kokanee spawners.

b Excluding early-run kokanee spawners in Trestle Creek.

¢ Represents a partial count only because heavy wave action kept spawners offshore and uncountable.

d Count made third week of December because Tow flows in Lightning Creek resulted in a complete passage barrier during early December.



Appendix C. Statistical comparisons (ANOVA) of zooplankton
densities and lengths from 1985 to 1989 among lake
sections and years, Lake Pend Oreille, Idaho. Lake
section abbreviations are: Southern = s, Central = C,
Northern = N, Clark Fork River delta=D.
Nonsignficant (P>0.10) contrasts are delineated by a
common line under each contrast. Estimated density
and length increase from left to right for lake
sections and years.

P level for main effect Main effect contrasts (P>0.10)

Zooplankter Lake section Y ear Lake section Y ear

Density
Cyclops 0.000 0.000 DNCS 86 87 8589 88
Diaptomus 0.000 0.000 DNSC 8786 SSM
Epischura 0.001 0.001 NCSD 86 88 89 87 85
Bosmina 0.000 0.000 CNSD 86 88 8587 89
Diaphonosoma 0.859 0.000 SDNC MSS 89
Daphnia 0.015 0.027 CSND 85 88 8987 86
Total 0.000 0.000 DNCS Mw

Length
Cyclops 0.000 0.586 DNSC 87 86 89 88 85
Diaptomus 0.349 0.000 DSCN 89 88 86 87 85
Epischura 0.649 0.000 CSDN 86 87 89 88 85
Bosmina 0.700 0.002 DSNC msgsa
Diaphanosoma 0.180 0.002 DSCN 86 m 87
Daphnia galeata 0.299 0.000 DNSC 8786 85 M
D. thorata 0.779 0.024 NCSD 86 88 87 85 89
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Appendi x D. Estimated year class abundance (mllions) of kokanee made by midwater trawl in Lake Pend
Oeille, Idaho, 1979 through 1989. The two ol dest age classes were conbined for estimtes from
1979 through 1985.

Year Year estimated

class 1989 1988 1987 1986 1985 1984 1983 1982 1981 1980 1979
1988 4.48

1987 1.17 7.31

1986 1.20 1.66 3.55

1985 0.45 0.51 0.78 1.66

1984 0.37 0.38 0.84 1.15 1.79

1983 0.04 0.35 0.43 0.68 1.03 2.63

1982 0.42 0.54 1.24 1.51 2.14

1981 0.24 0.37 1.21 2.28 3.84

1980 0.27 0.50 2.77 2.31

1979 0.29 0.64 1.36 1.69

1978 0.87 0.79 1.00 2.01
1977 0.74 0.96 1.31
1976 1.03 1.70
1975 0.67
Total 7.71 10.21 6.01 4.27 4.47 5.62 5.21 8.12 5.20 4.68 5.69

Density (No./
hectare 341 450 266 189 198 249 230 358 230 207 251



Appendi x E. Kokanee spawned from Sullivan Springs Qeek from 1976 through
1989, nunber of eggs collected, subsequent fry released into
Sullivan Springs and adult return rate.

Fry Estimated returning Adult returns
V. Kok e rel eased adults from as a percent
ear anee 99s foll ow ng hatchery rel eases of fry

Gl ass spawned col | ected year? and year returned rel eased

1976 10, 200 913,000 757,700 55,500 (1980) 12. 96
42,200 (1981)

1977 17,560 2,040,000 1,598,800 135,300 (1981) 10. 28
29,000 (1982)

1978 16,875 1,400,000 1,745 700 118,000 (1982) 10. 08
58,000 (1983)

1979 12,005 1,451,400 1,081,400 42,000 (1983) 10. 88
75,660 (1984)

1980 48,760 4,186,700 2,219,800 54,340 (1984) 4.56
46,810 (1985)

1981 112,820 11,653,000 2,487,800 27,935 (1985) 1.93
20,060 (1986)

1982 115,850 11,432,900 2,875,589 22,170 (1986) 3.48
77,773  (1987)

1983 79,850 6,320,000 3,214,512 5,854 (1987) 1.69
48,444 (1988)

1984 122,000 15,000,000 3,428,279 12,111 (1988)

1985 75,500 10,600,000 1,594,731

1986 42,230 7,337,000° 2,847,345

1987 83,627 16,600, 000° 5,138, 800

1988 60, 555 14,058, 000¢ 3,538, 000

1989 70,600 9, 372,000°

@ Additional fry were released in other areas.

b An addi ti onal

Clark Fork R ver,

¢ An additional

bringing the total

4 An additional

bringing the total

€ An additi onal

bringing the total

bringing the total

1.76 mllion eggs were collected fromSpring G eek and the
egg take to 9.1 mllion.

0.61 mllion eggs weecollecte' fromdark Fork R ver,

egg take to 17.22 mllion.
0.10 mllion eggs were collected fromdark Fork R ver,
to 14.16 mllion.
0.21 mllion eggs were collected fromd ark Fork R ver,
to 9.58 mllion.
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